This study demonstrates utilization of the novel GTG initiation codon for translation of a human mRNA transcript that encodes the serpin endopin 2B, a protease inhibitor. Molecular cloning revealed the nucleotide sequence of the human endopin 2B cDNA. Its deduced primary sequence shows high homology to bovine endopin 2A that possesses cross-class protease inhibition of elastase and papain. Notably, the human endopin 2B cDNA sequence revealed GTG as the predicted translation initiation codon; the predicted translation product of 46 kDa 
Summary
This study demonstrates utilization of the novel GTG initiation codon for translation of a human mRNA transcript that encodes the serpin endopin 2B, a protease inhibitor. Molecular cloning revealed the nucleotide sequence of the human endopin 2B cDNA. Its deduced primary sequence shows high homology to bovine endopin 2A that possesses cross-class protease inhibition of elastase and papain. Notably, the human endopin 2B cDNA sequence revealed GTG as the predicted translation initiation codon; the predicted translation product of 46 kDa 
Introduction
The biosynthesis of human and mammalian proteins encoded by their respective mRNAs requires a translation initation codon for protein expression (1) . The initiation codon GTG, in addition to the conventional ATG initiation codon, is utilized in lower organisms (2-6) but has not been extensively demonstrated as an initiation codon for translation of human or other mammalian mRNA transcripts. In this study, sequence analysis of human serpin endopin 2B
cDNA revealed GTG as the predicted initiation codon, which was demonstrated in this study to direct protein translation of this human mRNA transcript. GTG as initiation codon was also capable of directing expression of the heterologous protein EGFP (enhanced green fluorescent protein). These findings reveal GTG as a novel translation initiation codon for expression of a human protein.
Results were achieved by molecular cloning of the human homologue of bovine endopin 2A, a secretory vesicle serpin with homology to α 1 -antichymotrypsin (ACT) (7, 8) . The target protease specificities of serpins are determined in large part by the reactive site loop (RSL) domain (9) (10) (11) (12) . The RSL domain of bovine endopin 2A provides cross-class inhibition of the cysteine protease papain and the serine protease elastase (7, 8) . The unique localization of endopin 2A to neuroendocrine secretory vesicles (8) implicates endopin 2A regulation of proteases in the regulated secretory pathway.
In view of the unique properties of bovine endopin 2A, the goal of this study was to identify the human homologue of endopin 2 that may regulate human proteases. Molecular cloning and sequence analyses of the human endopin 2B cDNA predicted GTG as the initiation codon.
Moreover, bioinformatic analyses showed that the endopin 2B gene sequence is present within the human genome. In vitro translation of human endopin 2B was demonstrated with the rabbit reticulocyte cell-free translation system. GTG as initiation codon also mediated EGFP expression by in vitro translation and by transfection in mammalian PC12 cells. Importantly, mutagenesis of GTG to GTC abolished the expression of GTG-mediated production of EGFP in cells. These results demonstrate GTG as a novel initiation codon for expression of human endopin 2B.
Consideration of GTG as an initiation codon may predict new candidate genes within the human genome (13) (14) (15) in future studies.
Experimental Procedures
Molecular cloning of human endopin 2B cDNA. The mature form (without signal peptide) of human endopin 2B was obtained by RT-PCR of total RNA from human liver (Clontech, Palo
Alto, CA) with primers corresponding to the bovine endopin 2A cDNA, consisting of 5'-TCCCAGAGAATGTGACCCCAGAAGAA-3' and 5'-GGATCCCTAGGCTTCCTTG-GGGTTG-3' (primers #1 and #2, respectively, shown in fig. 1 5'-RACE was utilized to obtain the 5'-region of the human endopin 2B cDNA, with primers complementary to the nucleotide sequence of the partial human endopin 2B cDNA obtained by PCR with primers #1 and #2 (above). 5'-RACE was performed with the SMART TM RACE cDNA amplification kit (Clontech, Palo Alto, CA) according to the manufacturer's protocol.
Two 5'-RACE reactions (with human liver cDNA) and nested PCR were performed for human endopin 2B utilizing (a) primer #3 and SMART oligonucleotide for PCR, followed by nested PCR with primer #4 and SMART oligonucleotide, and (b) primer #4 and SMART oligonucleotide for PCR, followed by nested PCR with primer #5 and SMART oligonucleotide.
Primer sequences for #3, #4, and #5 were complementary to human endopin 2B, and consisted of These two fragments were blunt-end ligated, and subcloned into pcDNA3.1 at XbaI and BamHI sites. These constructs were subjected to DNA sequencing (Davis DNA sequencing, Davis, CA)
to confirm that the PCR reactions generated the appropriate EGFP cDNA sequences with GTG or ATG as initiation codons.
GTG-mediated expression of EGFP in PC12 cells was also evaluated with mutation of the GTG initiation codon to GTC (the mutation is indicated by the underlined nucleotide C). This mutant form of GTC/EGFP construct was generated by PCR (as described in the previous p a r a g r a p h ) , w i t h t h e 5 ' -P C R p r i m e r c o n s i s t i n g o f 5 ' -GTCGTGAGCAAGGGCGAGGAGCTGTT-3' in the first PCR step. The mutation was confirmed by DNA sequencing of the construct as described in the previous paragraph.
In Fluorescent images were captured using a Nikon Eclipse TE300 fluorescent inverted microscope with Automatic Camera Tamer software (ACT-1)(Nikon) at a magnification of 100X and exposure time of 9 seconds (EGFP excitation 484/emission 510nm). EGFP expressed in PC12 cells was also evaluated by western blots with anti-EGFP (Clontech company); western blots were performed as previously described (8, 16) .
Results
Molecular cloning of human endopin 2B cDNA predicts GTG as initiation codon.
This study predicted that the human homologue of the serpin endopin 2 possesses homology to bovine endopin 2A (7, 8) . Significantly, molecular cloning revealed GTG as a novel translation initiation codon for human endopin 2B ( fig. 1 ), an isoform of bovine endopin 2A.
Cloning of full-length human endopin and the RSL is known to determine target protease specificity, this variant form of endopin 2B is predicted to possess similar target protease specificity.
The deduced primary sequence of the human endopin 2B cDNA was nearly identical (99.3% primary sequence homology) to the deduced primary sequence of bovine endopin 2B ( fig. 2) whose cDNA was also cloned in this study. Human and bovine endopin 2B possess identical reactive site loop (RSL) domains ( fig. 2 ) with predicted P1-P1' residues within the RSL domain of Ser-Ser. Moreover, the RSL of endopin 2B is identical to endopin 2A (previously referred to 9 as endopin 2) (7), which exhibits cross-class inhibition of papain and elastase (8) . Therefore, the target protease specificity of endopin 2B is predicted to resemble that of endopin 2A. Human and bovine endopin 2B resemble the serpin α 1 -antichymotrypsin with 69% overall homology in primary sequences. In addition, human and bovine endopin 2B possess a potential Asn glycosylation site ( fig. 2) .
Presence of the human endopin 2B gene sequence with GTG initiation codon in the human genome. To confirm the presence of the human endopin 2B cDNA sequence within the human genome, bioinformatic analyses were conducted with the novel human endopin 2B as the query sequence, utilizing NCBI BLAST via the Ensembl Genome Browser and the BLAT program from UCSC. Both resources detected three genomic segments within chromosome 14 that possess identical nucleotide sequences with the cloned human endopin 2B cDNA ( fig. 3) .
Notably, the human genomic segment encoding the 5'-region of the endopin 2B cDNA includes the GTG initiation codon; the TAG stop codon is present in the third genomic segment (3'-region). These three human genomic segments, which include GTG as the predicted initiation codon, demonstrate the presence of endopin 2B in the human genome. Evidently, endopin 2B
was not identified in original analyses of the human genome based on ATG as initiation codon Mutation of GTG to GTC abolishes expression of EGFP in PC12 cells. To confirm the role of GTG in mediating expression of EGFP, the mutant construct with GTC (mutation at nucleotide C) that replaced the GTG initiation codon for EGFP expression was evaluated. The mutant GTC/EGFP construct showed no expression of EGFP in PC12 cells ( fig. 7 ). These findings demonstrate the important role of GTG as initiation codon to mediate protein expression in a mammalian cell.
Overall, these findings demonstrate that GTG is capable of functioning as an endogenous translation initiation codon for the human mRNA transcript encoding the serpin endopin 2B.
Discussion
Results from this study provide evidence for utilization of the novel GTG as the endogenous initiation codon for translation of a human mRNA transcript, which encodes the serpin endopin It is of interest that analyses of several human genes in disease have indicated mutations of the wild-type ATG initiation codon to a GTG mutation for the Norrie disease gene (22) , the betathal allele in beta-thalassemia (23) , and the CYP2C19 gene responsible for a poor metabolizer (PM) phenotype for metabolism of the drug mephenytoin (24) . The GTG mutation for the Norrie disease gene and for the beta-thal allele have been thought to result in inactive gene expression. However, results from this study suggest that the GTG mutation may result in synthesis of proteins at a lower level than that with the ATG initiation codon. In fact, the mutant CYP2C19*4 allele with GTG as initiation codon results in poor metabolism of mephenytoin compared to the normal allele with ATG as initiation codon (24) .
Participation of GTG as initiation codon for human endopin 2B has important implications for predictions of gene sequences based on bioinformatic analyses of the human genome, as well as other mammalian genomes. If GTG, with ATG, is included as an initiation codon signal for protein translation, it is possible that the total number of human genes may be greater than that predicted at the present time (13) (14) (15) . It will be of interest in future studies to evaluate candidate gene sequences with GTG as initiation codon in bioinformatic and genomic studies.
In summary, molecular cloning and sequence analysis of human endopin 2B cDNA, which is present in the human genome on chromosome 14, indicated GTG as the native initiation codon for expression of this serpin. Notably, the inclusion of GTG with ATG as initiation codons for human proteins may lead to predictions of previously uncharacterized genes encoded by human and mammalian genomes. 
